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(57) ABSTRACT 

A vehicle brake hydraulic pressure control apparatus includes 
a pressure increasing section, a holding section, and a deter 
mination section and wheel speed sensors. The pressure 
increasing section increases a brake hydraulic pressure by 
driving a motor. The holding section holds a brake hydraulic 
pressure. The determination section determines whether or 
not the motor is malfunctional. The wheel speed sensors 
detect whether or not a vehicle which is at a halt starts to 
move. If the wheel speed sensors detect that the vehicle starts 
to move while the holding section is executing a holding 
control, the pressure increasing section executes a hydraulic 
pressure re-increasing control by driving the motor, and the 
determination section determines whether or not the motor is 
malfunctional based on a detection result by the wheel speed 
sensors after the brake hydraulic pressure is started to be 
increased by the hydraulic pressure re-increasing control. 

18 Claims, 6 Drawing Sheets 
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FIG. 6 
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1. 

VEHICLE BRAKE HYDRAULC PRESSURE 
CONTROL APPARATUS WITH PUMP 
MOTORMALFUNCTION DETECTION 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is based on and claims priority under 35 
U.S.C. S 119 to Japanese Patent Application No. 2012 
251878 (filed on Nov. 16, 2012), the entire contents of which 
are incorporated herein by reference. 

BACKGROUND 

1. Field 
The invention relates to a vehicle brake hydraulic pressure 

control apparatus that can execute a pressurizing control by 
driving a motor. 

2. Related Art 
In a vehicle brake hydraulic pressure control apparatus that 

can execute a pressurizing control by driving a motor, a rota 
tion state of the motor is detected to control the revolution 
speed of the motor and/or to detect a malfunction of the 
motor. It is possible to determine the rotation state of the 
motor based on a counter electromotive force of the motor 
which is obtained by detecting a terminal voltage of the 
motor. 

It is desirable to detect a terminal voltage of the motor at a 
moment at which no electric current flows to the motor (no 
Voltage is applied to the motor) in order to acquire an accurate 
counter electromotive force of the motor. Therefore, JP 2001 
10471 A describes that in a PWM (Pulse Width Modulation) 
control in which an electric current to a motor is on and off 
repeatedly based on a duty ratio, the terminal Voltage of the 
motor is measured within an off period during which no 
Voltage is applied to the motor. 

SUMMARY 

In a case where a motor is PWM controlled, as its cycle 
becomes longer, fluctuation in rotation of the motor becomes 
larger due to the effect of switching on and off the motor 
current, which generates vibrations to thereby increase the 
operation Sound of the motor. In particular, when a pressur 
izing control is executed to prevent a vehicle from moving 
when the vehicle is at a halt, the operation sound of the motor 
tends to become noticeable, which causes the driver to feel 
uncomfortable. Therefore, in these situations, it is desirable to 
drive the motor through on/off control at a high frequency. 

However, if the driving frequency is increased, the length 
of one cycle becomes short. Therefore, it becomes difficult to 
detect a voltage between terminals of the motor. This is 
because in order to acquire a Voltage between the terminals of 
the motor during the off period in an ensured fashion, the 
voltage between the terminals of the motor has to be detected 
within a cycle which is far shorter than the cycle of the driving 
frequency. 

Then, the invention provides a vehicle brake hydraulic 
pressure control apparatus that can detect a malfunction of a 
motor without depending upon the driving frequency of the 
motor. 

(1) A vehicle brake hydraulic pressure control apparatus 
includes a pressure increasing section, a holding section, a 
determination section, and a detector. The pressure increasing 
section increases a brake hydraulic pressure by driving a 
motor. The holding section holds the brake hydraulic pres 
sure. The determination section determines as to whether or 
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2 
not the motor is malfunctional. A detector detects as to 
whether or not a vehicle which is atahalt starts to move. If the 
detector detects that the vehicle starts to move during a hold 
ing control executed by the holding section, the pressure 
increasing section executes a hydraulic pressure re-increas 
ing control by driving the motor. The determination section 
determines as to whether or not the motor is malfunctional 
based on a detection result by the detector after the brake 
hydraulic pressure is started to be increased by the hydraulic 
pressure re-increasing control. 

With this configuration, it is possible to determine as to 
whether or not the motor is malfunctional based on the detec 
tion result by the detector after the pressure increasing section 
has started the hydraulic pressure re-increasing control. That 
is, in the event that it is further detected that the vehicle starts 
to move even though the pressure increasing section has 
executed the hydraulic pressure re-increasing control, this 
means that the pressure has not yet been increased suffi 
ciently. Therefore, it is possible to determine based on this 
event that the motoris malfunctional. Also, this determination 
is independent from the driving frequency of the motor. 
Therefore, increasing of the driving frequency of the motor 
can reduce the operation Sound of the motor and the operation 
sound of pumps which are driven by the motor. 
(2) In the vehicle brake hydraulic pressure control apparatus 
of (1), the detector may include a wheel speed sensor. If a 
pulse signal continues to be output from the wheel speed 
sensor after the hydraulic pressure re-increasing control, the 
determination section determines that the motor is malfunc 
tional. 

With this configuration, it is possible to determine as to 
whether or not the motor is malfunctional by using the output 
result of the wheel speed sensor, which is generally provided 
on the vehicle, even without providing another sensor which 
detects as to whether or not the vehicle starts to move. 
(3) The vehicle brake hydraulic pressure control apparatus of 
any one of (1) and (2) may further include a re-diagnosing 
section. During the hydraulic pressure re-increasing control, 
the pressure increasing section drives the motor by on/off 
controlling an electric current Supplied to the motor at a first 
driving frequency. If the determination section determines 
that the motor is malfunctional, the pressure increasing sec 
tion drives the motor by on/off controlling the electric current 
Supplied to the motor at a second driving frequency that is 
lower than the first driving frequency, and comprising further. 
The re-diagnosing section determines based on a terminal 
voltage of the motor as to whether or not the motor is mal 
functional during the driving of the motor by the on/off con 
trolling, executed by the pressure increasing section, of the 
electric current at the second driving frequency. 

With this configuration, if the vehicle starts to move and if 
it is determined that the motor is malfunctional, it is deter 
mined as to whether or not the motor is malfunctional based 
on the terminal voltage of the motor by executing the on/off 
control at the second driving frequency which is lower than 
the first driving frequency during the hydraulic pressure re 
increasing control. Thereby, it is possible to determine as to 
whether or not the motor is malfunctional in a more ensured 
fashion. In this re-diagnosis, while the second driving fre 
quency is used to acquire the terminal Voltage of the motor in 
an ensured fashion, the first driving frequency which is higher 
than the second driving frequency is used in driving the motor 
during the hydraulic pressure re-increasing control. There 
fore, the motor is allowed to rotate smoothly, thereby making 
it possible to reduce the operation sound of the motor and the 
operation sound of the pumps which are driven by the motor. 
Further, since the second driving frequency used in re-diag 
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nosis is differ from the first driving frequency which is nor 
mal, the second driving frequency used in re-diagnosis is not 
affected by the first driving frequency. Therefore, it is pos 
sible to determine as to whether or not the motor is malfunc 
tional in an ensured fashion by acquiring the terminal Voltage 
of the motor without depending upon the first driving fre 
quency. 

According to the invention, whether or not the motor is 
malfunctional can be determined based on the result of the 
detection as to whether or not the vehicle starts to move, 
without depending on the driving frequency of the motor. 
Therefore, the driving frequency of the motor is increased so 
as to reduce the operation Sound of the motor and the opera 
tion sound of the pumps which are driven by the motor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a vehicle equipped with 
a vehicle behavior control apparatus according to an embodi 
ment of the invention; 

FIG. 2 is a block diagram showing a brake hydraulic pres 
sure circuit of the vehicle behavior control apparatus; 

FIG. 3 is a block diagram showing the configuration of a 
controller; 

FIG. 4 is a flowchart of a diagnosing process of a malfunc 
tion of a motor; 

FIG. 5 is a timing chart showing changes in value of factors 
used for control by a controller when the motor functions 
properly; and 

FIG. 6 is a timing chart showing changes in the factors used 
for control by the controller when the motor is malfunctional. 

DETAILED DESCRIPTION 

Next, embodiments of the invention will be described in 
detail with reference to the accompanying drawings. 
As shown in FIG. 1, a vehicle behavior control apparatus 

100 which is an example of a vehicle brake hydraulic pressure 
control apparatus is configured to control braking forces 
(brake hydraulic pressures) which are imparted to wheels W 
of a vehicle CR as required. The vehicle behavior control 
apparatus 100 mainly includes a hydraulic pressure unit 10 
and a controller 20. In the hydraulic pressure unit 10, fluid 
lines (hydraulic pressure lines) and various components are 
provided. The controller 20 controls the various components 
in the hydraulic pressure unit 10 as required. 
Wheel speed sensors 91, a steering angle sensor 92, a 

lateral acceleration sensor 93, and a yaw rate sensor 94 are 
connected to the controller 20. The wheel speed sensors 91 
detect rotation speeds of the wheels W, respectively. The 
steering angle sensor 92 detects a steering angle of a steering 
wheel ST. The lateral acceleration sensor 93 detects an accel 
eration (lateral acceleration) that is directed to a lateral direc 
tion of a vehicle CR. The yaw rate sensor detects a rotation 
angular velocity of the vehicle CR. The wheel speed sensors 
91 are examples of a detector that detects as to whether or not 
the vehicle CR, which is at a halt, starts to move. Detection 
results of the respective sensors are output to the controller 
20. 
The controller 20 includes, for example, a CPU, a RAM, a 

ROM and an input/output circuit and controls the various 
components by executing arithmetic operations based on 
inputs from the wheel speed sensors 91, the steering angle 
sensor 92, the lateral acceleration sensor 93, the yaw rate 
sensor 94, and a pressure sensor 8 and programs and data that 
are stored in the ROM. 
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4 
Wheel cylinders Hare hydraulic pressure devices that con 

Vert a brake hydraulic pressure which is generated by a master 
cylinder MC and the vehicle behavior control apparatus 100 
into mechanical forces acting on wheel brakes FR, FL, RR, 
RL that are provided in the respective wheels W. The respec 
tive wheel cylinders Hare connected to the hydraulic pressure 
unit 10 of the vehicle behavior control apparatus 100 via 
piping. 
As shown in FIG. 2, the hydraulic pressure unit 10 is 

disposed between the master cylinder MC and the wheel 
brakes FR, FL, RR. RL. The master cylinder MC is a hydrau 
lic pressure source that generates a brake hydraulic pressure 
in accordance with an depression effort applied to the brake 
pedal BP. The hydraulic pressure unit 10 includes a pump 
body 10a, a plurality of inlet valves 1, a plurality of outlet 
valves 2, control valve units V, and the like. The pump body 
10a is a base body having fluid lines (hydraulic pressure 
circuit) through which a brake fluid flows. The inlet valves 1, 
the outlet valves 2, and the control valve units V are disposed 
on the fluid lines as valves that control the hydraulic pressure 
circuit. 
Two output ports M1, M2 of the master cylinder MC are 

connected to inlet ports 121 of the pump body 10a, respec 
tively. Outlet ports 122 of the pump body 10a are connected 
to the wheel brakes FR, FL, RR. RL, respectively. Normally, 
fluid lines are established so as to communicate from the inlet 
ports 121 to the outlet ports 122 in the pump body 10a. 
Thereby, a depression effort applied to the brake pedal BP is 
transmitted to the wheel brakes FL, RR, RL, FR. 
A fluid line starting from the output port M1 communicates 

with the front left wheel brake FL and the rear right wheel 
brake RR. Also, a fluid line starting from the output port M2 
communicates with the front right wheel brake FR and the 
rear left wheel brake RL. It is noted that in the following 
description, the fluid line starting from the output port M1 is 
referred to as a “first system” and the fluid line starting from 
the output port M2 is referred to as a “second system.” 

In the first system of the hydraulic pressure unit 10, two 
control valve units V are provided for the wheel brakes FL, 
RR. Similarly, in the second system, two control valve units V 
are provided for the wheel brakes RL, FR. Also, in the hydrau 
lic pressure unit 10, a reservoir 3, a pump 4, an orifice 5a, a 
pressure regulator (regulator) R and a suction valve 7 are 
provided for each of the first and second systems. Further, in 
the hydraulic pressure unit 10, a common motor 9 is provided 
for driving the pump 4 in the first system and the pump 4 in the 
second system. This motor 9 is a motor whose revolution 
speed is controllable in accordance with a current Supplied 
thereto. The motor 9 is mounted on the pump body 10a. Also, 
in this embodiment, a pressure sensor 8 that is an example of 
a master cylinder pressure sensor is provided only in the 
second system. 

It is noted that in the following description, fluid lines 
which start from the output ports M1, M2 of the master 
cylinder MC and reach the corresponding pressure regulators 
R are referred to as “output hydraulic pressure lines A1.” 
Fluid lines which start from the pressure regulator R and 
reach the wheel brakes FL, RR in the first system and fluid 
lines which start from the pressure regulator R and reach the 
wheel brakes RL, FR in the second system are referred to as 
“wheel hydraulic pressure lines B. Fluid lines which start 
from the output hydraulic pressure lines A1 and reach the 
pumps 4 are referred to as 'suction hydraulic pressure lines 
C. Fluid lines which start from the pumps 4 and reach the 
wheel hydraulic pressure line B are referred to as “discharge 
hydraulic pressure lines D. Further, fluid lines which origi 
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nate from the wheel hydraulic pressure lines B and reach the 
corresponding Suction hydraulic pressure lines C are each 
referred to as a release line E. 
The control valve units V are valves that control transmis 

sion of hydraulic pressure between the master cylinder MC or 
the pumps 4 and the wheel brakes FL, RR. RL, FR (specifi 
cally, the wheel cylinders H). The control valve units V can 
increase, hold, or reduce the pressures of the corresponding 
wheel cylinders H. The control valve units V each include an 
inlet valve 1, an outlet valve 2, and a check valve 1a. 
The inlet valves 1 are normally open solenoid valves that 

are provided between the wheel brakes FL, RR. RL, FR and 
the master cylinder MC, that is, are provided on the wheel 
hydraulic pressure lines B. The inlet valves 1 are normally 
open to thereby allow brake hydraulic pressures to be trans 
mitted from the master cylinder MC to the wheel brakes FL, 
FR, RL, RR. Also, when the wheels Ware about to be locked, 
the controller 20 closes the inlet valves 1, so that the inlet 
valves 1 cut off the transmission of the brake hydraulic pres 
sures from the brake pedal BP to the wheel brakes FL, FR, 
RL, RR. 
The outlet valves 2 are normally closed solenoid valves that 

are interposed between the wheel brakes FL, RR. RL, FR and 
the reservoirs 3, that is, are interposed between the wheel 
hydraulic pressure lines B and the release lines E. The outlet 
valves 2 are normally closed. When the wheels Ware about to 
belocked, the control 100 opens the outlet valves 2, so that the 
outlet valves 2 release brake hydraulic pressures applied to 
the wheel brakes FL, FR, RL, RR to the corresponding res 
ervoirs 3. 
The check valves 1a are connected to the corresponding 

inlet valves 1 in parallel. These check valves 1a are each a 
one-way valve that allow only the flow of the brake fluid from 
the wheel brakes FL, FR, RL. RR towards the master cylinder 
MC. When the input from the brake pedal BP is released, the 
check valves 1a allow the flow of the brake fluid from the 
wheel brakes FL, FR, RL, RR towards the master cylinder 
MC. 
The reservoirs 3 are provided in the release lines E and each 

has a function to suction the brake fluid pressure, which is 
released by opening the outlet valves 2. Also, check valves 3a 
are interposed between the reservoirs 3 and the pumps 4. The 
check valves 3a each allows only the flow of the brake fluid 
from the reservoir 3 towards the pump 4. 

Each of the pumps 4 is interposed between the suction 
hydraulic pressure line C, which communicates with the out 
put hydraulic pressure line A1, and the discharge hydraulic 
pressure line D, which communicates with the wheel hydrau 
lic pressure line B. Each of the pumps 4 has a function to 
suction the brake fluid reserved in the reservoir 3 and dis 
charge it into the discharge hydraulic pressure line D. 
Thereby, not only can the brake fluid which is suctioned by 
the reservoir 3 be returned to the master cylinder MC, but also 
a brake hydraulic pressure can be generated so as to generate 
braking forces acting on the wheel brakes FL, RR. RL, FR 
even if the driver does not depress the brake pedal BP. 

It is noted that a discharge amount of the brake fluid from 
the pumps 4 depends on the revolution speed of the motor 9. 
For example, the discharge amount of the brake fluid from the 
motors 4 increases as the revolution speed of the motor 9 
increases. 
The orifices. 5a attenuate pulsation of pressures of the brake 

fluid discharged from the pumps 4 and pulsation generated by 
operations of the pressure regulators R, which will be 
described later. 
The pressure regulators R are normally open to thereby 

allow the brake fluid to flow from the output hydraulic pres 
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6 
sure lines A1 to the wheel hydraulic pressure lines B. Also, 
when increasing the pressures at the wheel cylinders H by 
means of the brake fluid pressures generated by the pumps 4, 
the pressure regulators R controls the pressures in the dis 
charge hydraulic pressure lines D, the wheel hydraulic pres 
sure lines B, and the wheel cylinders H so as to become equal 
to or smaller than a predetermined value. Each of the pressure 
regulators Rincludes a selector valve 6 and a check valve 6a. 
The selector valves 6 are normally open linear solenoid 

valves that are interposed between the output hydraulic pres 
sure lines A1, which communicate with the master cylinder 
MC, and the wheel hydraulic pressure lines B, which com 
municate with the corresponding wheel brakes FL, FR, RL, 
RR. Although not shown in detail, a valve body of the selector 
valve 6 is biased toward the wheel hydraulic pressure lines B 
and the wheel cylinders H by an electromagnetic force which 
corresponds to an electric current supplied thereto. If the 
pressures in the wheel brake hydraulic lines B become higher 
by a predetermined value (which depends on the supplied 
electric current) or more than the pressure in the output 
hydraulic pressure line A1, the pressures in the wheel hydrau 
lic pressure lines B are regulated to a predetermined pressure 
by releasing the brake fluid from the wheel hydraulic pressure 
lines B to the output hydraulic pressure line A1 via the pres 
Sure regulator R. 
The check valves 6a are connected to the corresponding 

selector valves 6 in parallel. Each of the check valves 6a is a 
one-way valve which allows the brake fluid to flow from the 
output hydraulic pressure line A1 to the wheel hydraulic 
pressure lines B. 
The suction valves 7 are normally closed solenoid valves 

and switch a state of the corresponding suction hydraulic 
pressure lines C between an open state and a cut-off state. If 
the brake hydraulic pressure should be applied to the wheel 
brakes FL, FR, RL, RR in such a state where the selector 
valves 6 is closed, that is, the driver does not depress the brake 
pedal BP, the suction valves 7 are released (opened) by the 
controller 20. 
The pressure sensor 8 detects a brake fluid pressure in the 

output hydraulic pressure line A1 of the second system. The 
detection by the pressure sensor 8 is input to the controller 20. 

Next, the controller 20 will be described in detail. As 
shown in FIG. 3, the controller 20 controls opening and 
closing of the control valve units V, the selector valves 6 (the 
pressure regulators R), and the suction valves 7 in the hydrau 
lic pressure unit 10 and the operations of the motor 9 in the 
hydraulic pressure unit 10 based on signals input from the 
respective sensors 91 to 94 and the pressure sensor 8, so as to 
control the operations of the wheel brakes FL, RR. RL, FR 
The controller 20 includes a target hydraulic pressure setting 
section 21, a brake hydraulic pressure calculator 22, a pres 
sure controller 23, a valve driver 24, a determination section 
25, a re-diagnosing section 26, a motor driver 28, and a 
storage 29. 
The target hydraulic pressure setting section 21 selects a 

control logic based on the signals input from the respective 
sensors 91 to 94 and sets a target hydraulic pressure PT for 
each of the wheel brakes FL, RR. RL, FRin accordance with 
the control logic selected. There is imposed no specific limi 
tation on a method for setting the target hydraulic pressures, 
and hence, a known method may be adopted. 

For example, firstly, a yaw rate of the vehicle CR, which is 
estimated from the steering angle detected by the steering 
angle sensor 92 and a vehicle body Velocity, is calculated as a 
target yaw rate. Then, the target yaw rate is subtracted from an 
actual yaw rate to calculate a yaw rate difference. Then, it is 
determined based on the yaw rate difference whether the 
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vehicle oversteers or understeers, and a moment amount is 
calculated which is required to correct the oversteering or 
understeering state of the vehicle CR. Further, this moment 
amount is converted into a brake hydraulic pressure, so that 
respective target hydraulic pressures PT for the wheel brakes 
FL, RR, RL, FR can be set. 
The respective target hydraulic pressures PT so set are then 

output to the pressure controller 23. 
The brake hydraulic pressure calculator 22 calculates 

brake hydraulic pressures (estimated brake hydraulic pres 
sures) for the respective wheel brakes FL, RR. RL, FR based 
on the brake hydraulic pressure detected by the pressure 
sensor 8, that is, the master cylinder pressure and driven 
amounts of the solenoid valves 1, 2, 6 which are driven by the 
valve driver 24. 
The brake hydraulic pressures calculated are output to the 

pressure controller 23. 
The pressure controller 23 outputs signals to the valve 

driver 24 to control the valve control units V, the pressure 
regulators R, and the suction valves 7 based on the respective 
target hydraulic pressures PT and the respective estimated 
brake hydraulic pressures. Thus, the pressure controller 23 
includes a holding section 23A, a pressure reducing section 
23B, and a pressure increasing section 23C. 
The holding section 23A is a section that holds the brake 

hydraulic pressure. For example, in a case where a predeter 
mined condition is fulfilled such as (i) in a case where it is 
attempted to prevent the vehicle CR from moving due to an 
inclination of a road Surface or by a creeping force when the 
vehicle CR is stopped or (ii) in a case where observing the 
behavior of the vehicle CR in controlling the posture of the 
vehicle CR, the holding section 23A outputs a signal instruct 
ing to hold the brake hydraulic pressures to the valve driver 
24. Specifically, when holding the brake hydraulic pressures, 
the holding section 23A causes a large electric current to flow 
to the pressure regulators R So that the pressure regulators R 
are closed. 
The pressure reducing section 23B is a section that reduces 

the brake hydraulic pressures when the vehicle CR is started 
after the brake hydraulic pressures are held by the holding 
section 23A or when the wheels W are about to be locked in 
the anti-locking braking control. Specifically, when the 
vehicle CR is started after the brake hydraulic pressures are 
held by the holding section 23A, the pressure reducing sec 
tion 23B gradually reduces the electric current which flows to 
the pressure regulators R. Also, when the wheels Ware about 
to be locked as a result of Sudden braking, the pressure reduc 
ing section 23B opens the outlet valves 2 of the control valve 
units V. 

The pressure increasing section 23C is a section that 
increases the brake hydraulic pressures in a case where the 
braking force is generated positively to assist the driver to 
brake Such as (i) in a case where some object comes close to 
the vehicle CR or (ii) in a case where the braking force is 
supplemented, or in case where the locking of the wheels W 
is eliminated in the anti-locking braking control. Specifically, 
in the case where the braking force is generated positively, the 
pressure increasing section 23C outputs to the motor driver 28 
a signal instructing to drive the motor 9 at a predetermined 
driving frequency. Also, in the case where the locking of the 
wheels W is eliminated in the anti-locking braking control, 
the pressure increasing section 23C closes the outlet valves 2 
and opens the inlet valves 1 so that the hydraulic pressure of 
the master cylinder MC is transmitted to the respective wheel 
cylinders H. 

Also, if it is detected by the wheel speed sensors 91 that the 
vehicle CR starts to move during the holding control executed 
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8 
by the holding section 23A in a state where the vehicle CR is 
at a halt, the pressure increasing section 23C executes hydrau 
lic pressure re-increasing control to re-increase the brake 
hydraulic pressures by driving the motor 9. This is because 
there may be a situation in which the vehicle CR starts to 
move as a result of the brake hydraulic pressure being slightly 
reduced while the vehicle CR is at a halt. Also, when execut 
ing the control to re-increase the brake hydraulic pressures, 
the pressure increasing section 23C drives the motor 9 by 
on/off controlling the electric current supplied to the motor 9 
at a first driving frequency. If the determination section 25 
determines that the motor 9 is malfunctional, the pressure 
increasing section 23C drives the motor 9 by on/off control 
ling the electric current supplied to the motor 9 at a second 
driving frequency which is lower than the first driving fre 
quency. Here, the first driving frequency may be the same as 
the predetermined driving frequency described above, and the 
motor 9 rotates more Smoothly as the driving frequency gets 
higher, whereby the operation sound of the motor 9 and the 
pumps 4 is preferably reduced. On the other hand, the second 
frequency is a frequency which is low enough to acquire a 
terminal voltage V of the motor 9 in an ensured fashion 
during an off period of the on/off control. The pressure 
increasing section 23C outputs to the determination section 
25 a signal indicating that the motor 9 has been driven to 
execute the control to re-increase the brake hydraulic pressure 
and outputs to the re-diagnosing section 26 a signal indicating 
that the motor 9 has been driven for re-diagnosis. 
The valve driver 24 outputs driving signals to the control 

valve units V, the pressure regulators R, and the Suction valves 
7 based on the signal from the pressure controller 23. 
The determination section 25 is a section that determines as 

to whether or not the motor 9 is malfunctional, based on the 
signals from the wheel speed sensors 91 and the signal, from 
the pressure increasing section 23C, indicating that the motor 
9 has been driven to execute the control to re-increase the 
brake hydraulic pressure. Specifically, the determination sec 
tion 25 determines as to whether or not the motor 9 is mal 
functional based on the detection results by the wheel speed 
sensors 91 after the brake hydraulic pressures are started to be 
increased as a result of the pressure increasing section 23C 
executing the control to re-increase the brake hydraulic pres 
Sure. In this embodiment, if pulse signals are kept output from 
the wheel speed sensors 91 during a predetermined period of 
time T1 after the driving of the motor 9, which has been 
caused by the hydraulic pressure re-increasing control, ends, 
the determination section 25 determines that the motor 9 is 
malfunctional. 
The determination result, by the determination section 25, 

indicating that the motor 9 is malfunctional is output to the 
pressure increasing section 23C and the re-diagnosing section 
26. 
The re-diagnosing section 26 is a section that determines 

based on the terminal voltage V of the motor 9 as to whether 
or not the motor 9 is malfunctional during driving of the 
motor 9 by the on/off control, executed by the pressure 
increasing section 23C, of the electric current supplied to the 
motor 9 at the second driving frequency. Specifically, the 
re-diagnosing section 26 acquires the terminal Voltage of the 
motor 9 via the motor driver 28 and determines that the motor 
9 is functioning properly if the terminal voltage (that is, the 
counter electromotive force)V of the motor 9 is larger than 
a predetermined threshold V. The re-diagnosing section 26 
determines that the motor 9 is malfunctional if the terminal 
Voltage V is equal to or Smaller than the predetermined 
threshold V. 
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The motor driver 28 drives the motor 9 based on the signal 
from the pressure increasing section 23C by on/off control 
ling the electric current supplied to the motor 9 at the desig 
nated driving frequency. 
The storage 29 stores values, constants and the like of 

various calculations. For example, the threshold V, is stored 
in the storage 29. 

Next, the operation of the controller 20 of the vehicle 
behavior control apparatus 100 which is configured as 
described above will be described. A process of diagnosing a 
malfunction of the motor 9 will be described with reference to 
FIG. 4. 
As shown in FIG. 4, the pressure increasing section 23C 

determines as to whether or not the holding control is in 
execution to halt the vehicle CR (S1). if the holding control is 
not in execution (S1, No), the process ends. 
On the other hand, if the pressure increasing section 23C 

determines that the holding control is in execution (S1, Yes), 
the pressure increasing section 23C determines based on the 
signals from the wheel speed sensors 91 as to whether or not 
there are wheel rotation pulses (S2). 

If the pressure increasing section 23C determines that there 
are no wheel rotation pulses (S2, No), the process returns to 
step S1, and the pressure increasing section 23C determines 
as to whether or not the holding control continues. On the 
other hand, if the pressure increasing section 23C determines 
that there are wheel rotation pulses (S2, Yes), there is a pos 
sibility that the vehicle CR has started to move for the reason 
that the creeping force of the vehicle CR has changed or the 
like. Therefore, the pressure increasing section 23C executes 
the hydraulic pressure re-increasing control at the first driving 
frequency (S3). 

Thereafter, the determination section 25 determines based 
on the signals from the wheel speed sensors 91 as to whether 
or not there are wheel rotation pulses (S4). If the determina 
tion section 25 determines that there are no wheel rotation 
pulses (S4, No), the determination section 25 further deter 
mines as to whether or not a predetermined period of time T1 
has elapsed since the end of the hydraulic pressure re-increas 
ing control (S5). If the determination section 25 determines 
that the predetermined period of time T1 has not elapsed (S5. 
No), the process returns to step S4 and the determination 
section 25 determines again as to whether or not there are 
wheel rotation pulses. If the determination section 25 deter 
mines that the predetermined period of time T1 has elapsed 
(S5, Yes), the determination section 25 does not determine 
that the motor 9 is malfunctional (that is, this means that the 
motor 9 is functioning properly) and ends the process. 
On the other hand, if the determination section 25 deter 

mines in step S4 that there are wheel rotation pluses (S4, Yes), 
the determination section 25 determines that the motor 9 is 
malfunctional and sets a motor malfunction determination 
flag (S6). If the motor malfunction determination flag is set, 
the determination section 25 determines as to whether or not 
the vehicle CR has come to a halt. After the halt of the vehicle 
CR (S7, Yes), the pressure increasing section 23C drives the 
motor 9 at the second driving frequency at a predetermined 
timing (S8). Then, the re-diagnosing section 26 acquires the 
terminal voltage V of the motor 9 in the midst of the driving 
of the motor 9 (S9). Then, the re-diagnosing section 26 com 
pares the terminal Voltage V. So acquired with the threshold 
V, stored in the storage 29 (S10). If the terminal voltage V 
is larger than the threshold V, (S10, Yes), since the motor 9 is 
not malfunctional (that is, the motor 9 is functioning prop 
erly), the re-diagnosing section 26 unsets the motor malfunc 
tion determination flag (S.11). Then, the process ends. 
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10 
On the other hand, if the terminal Voltage V is equal to or 

smaller than the threshold V (S10, No), the re-diagnosing 
section 26 determines that the motor 9 is malfunctional and 
keeps the malfunction determination flag set to make a final 
determination that the motor 9 is malfunctional. Then, the 
process ends. 

Changes in values of factors which are involved in the 
process described above will be described with reference to 
FIGS. 5 and 6. 

If the motor 9 is functioning properly, as shown in FIG. 5, 
when the vehicle CR starts to move (time t1) while the brake 
hydraulic pressure is held to halt the vehicle CR (time t0), the 
pressure increasing section 23C starts the hydraulic pressure 
re-increasing control (from time t2 to time t3). Then, the 
determination section 25 does not determine that the motor 9 
is malfunctional because the pulse signals are not output from 
the wheel speed sensors 91 within the predetermined period 
of time T1 (from time t3 to time tA) since the end of the 
hydraulic pressure re-increasing control. In the example 
shown in FIG. 5, since the motor 9 functions properly, the 
wheel cylinder pressure increases during the period of time 
from time t2 to time t3 during which the hydraulic pressure 
re-increasing control is executed. Therefore, the motor mal 
function determination flag is not set. 

If the motor 9 is malfunctional, as shown in FIG. 6, when 
the vehicle CR starts to move (time t1) while the brake 
hydraulic pressure is held to halt the vehicle CR (time t0), the 
pressure increasing section 23C executes the hydraulic pres 
sure re-increasing control (from time t2 to time t3). Then, the 
determination section 25 determines that the motor 9 is mal 
functional (time ta) because the pulse signals are output from 
the wheel speed sensors 91 within the predetermined period 
of time T1 (from time t3 to time t3) since the end of the 
hydraulic pressure re-increasing control. The motor malfunc 
tion determination flag is set. If the motor malfunction deter 
mination flag is set in this way even though the driver is aware 
of the start of the vehicle CR and depresses the brake pedal at 
time to, a braking unit (for example, a mechanical brake or the 
like) which is provided separately from the motor 9 may be 
actuated. 

If the malfunction determination flag is set, the re-diagnos 
ing section 26 drives the motor 9 at the second driving fre 
quency (from time t7 to time t9) at a predetermined timing 
after the vehicle CR is brought to a halt (time t7) by the 
driver's brake or the like, during which the terminal voltage 
V of the motor 9 is acquired. Then, it is determined as to 
whether or not the motor 9 is malfunctional, based on the 
terminal Voltage V so acquired (time t8). 

In this way, if there are still wheel speed pulses of the wheel 
speed sensors 91 after the pressure increasing section 23C has 
executed the hydraulic pressure re-increasing control, this 
means that the re-increasing of the brake hydraulic pressure 
has been unsuccessful. Then, it is possible to determine that 
the malfunction of the motor 9 constitutes one of possible 
causes for this abnormal occurrence. Also, if the determina 
tion section 25 determines that the motor 9 is malfunctional, 
the motor 9 is on/off controlled to be driven at the second 
driving frequency to determine as to whether or not the motor 
9 is malfunctional based on the terminal voltage V of the 
motor 9. Thereby, it is possible to determine as to whether or 
not the motor 9 is malfunctional, in a more reliable manner. 

Also, although this re-diagnosis uses the second driving 
frequency to acquire the terminal Voltage of the motor 9 in an 
ensured fashion, the first driving frequency which is higher 
than the second driving frequency is used to drive the motor 9 
during the hydraulic pressure re-increasing control. There 
fore, the motor 9 is allowed to rotate smoothly, to thereby 
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make it possible to reduce the operation sound of the motor 9 
and the operation sound of the pumps 4 which are driven by 
the motor 9. Further, the second driving frequency used in the 
re-diagnosing is different from the first driving frequency 
used in the hydraulic pressure re-increasing control. There 
fore, the second driving frequency used in the re-diagnosing 
is not affected by the first driving frequency. As a result, the 
terminal Voltage of the motor 9 can be acquired in an ensured 
fashion irrespectively of the first driving frequency to deter 
mine as to whether or not the motor 9 is malfunctional. 

Also, in the vehicle behavior control apparatus 100 of this 
embodiment, it is determined as to whether or not the motor 
9 is malfunctional based on the output results of the wheel 
speed sensors 91 which are generally equipped on the vehicle. 
Therefore, there is no need to provide other sensors that detect 
as to whether or not the vehicle starts to move, to thereby 
make it possible to Suppress an increase in production cost. 
The exemplary embodiments of the invention have been 

described above. It should be noted that the invention is not 
limited thereto. Specific configuration of the embodiments 
may be changed or modified so long as resultant changed or 
modified embodiments don’t depart from the gist of the 
invention. 

For example, in the exemplary embodiment, the wheel 
speed sensors are adopted as the detector that detects as to 
whether or not the vehicle which is at a halt starts to move. 
However, an acceleration sensor may also be adopted as the 
detector. 

Also, in the exemplary embodiment, the re-diagnosing sec 
tion determines as to whether or not the motor is malfunc 
tional based on the detection results of the detector after the 
hydraulic pressure re-increasing control is ended. However, 
whether or not the motor is malfunctional may be determined 
before the end of the hydraulic pressure re-increasing control 
So long as the re-increasing control has been started. 

In the exemplary embodiment, while the first driving fre 
quency used in the hydraulic pressure re-increasing control is 
the same as the predetermined frequency used in the other 
controls. However, those frequencies may be different from 
each other. 

In the exemplary embodiment, the vehicle behavior control 
apparatus for stabilizing the behavior of the vehicle is illus 
trated as an example of the vehicle brake hydraulic pressure 
control apparatus. However, the vehicle brake hydraulic pres 
Sure control apparatus may be an apparatus which does not 
control the behavior of the vehicle but only holds the braking 
force when the vehicle is a halt. 

What is claimed is: 
1. A vehicle brake hydraulic pressure control apparatus 

comprising: 
a pressure increasing section that increases a brake hydrau 

lic pressure by driving a motor; 
a holding section that holds the brake hydraulic pressure; 
a determination section that determines as to whether or 

not the motor is malfunctional; and 
a detector that detects as to whether or not a vehicle which 

is at a halt starts to move, wherein 
if the detector detects that the vehicle starts to move during 

a holding control executed by the holding section, the 
pressure increasing section executes a hydraulic pres 
Sure re-increasing control by driving the motor, and 

the determination section determines as to whether or not 
the motor is malfunctional based on a detection result by 
the detector after the brake hydraulic pressure is started 
to be increased by the hydraulic pressure re-increasing 
control. 
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2. The vehicle brake hydraulic pressure control apparatus 

according to claim 1, wherein 
the detector includes a wheel speed sensor, and 
if a pulse signal continues to be output from the wheel 

speed sensor after the hydraulic pressure re-increasing 
control, the determination section determines that the 
motor is malfunctional. 

3. The vehicle brake hydraulic pressure control apparatus 
according to claim 2, further comprising: 

a re-diagnosing section, wherein 
during the hydraulic pressure re-increasing control, the 

pressure increasing section drives the motor by on/off 
controlling an electric current Supplied to the motor at a 
first driving frequency, 

if the determination section determines that the motor is 
malfunctional, the pressure increasing section drives the 
motor by on/off controlling the electric current supplied 
to the motor at a second driving frequency that is lower 
than the first driving frequency, and comprising further, 
and 

the re-diagnosing section determines based on a terminal 
voltage of the motor as to whether or not the motor is 
malfunctional during the driving of the motor by the 
on/off controlling, executed by the pressure increasing 
section, of the electric current at the second driving 
frequency. 

4. The vehicle brake hydraulic pressure control apparatus 
according to claim 1, further comprising: 

a re-diagnosing section, wherein 
during the hydraulic pressure re-increasing control, the 

pressure increasing section drives the motor by on/off 
controlling an electric current supplied to the motor at a 
first driving frequency, 

if the determination section determines that the motor is 
malfunctional, the pressure increasing section drives the 
motor by on/off controlling the electric current supplied 
to the motor at a second driving frequency that is lower 
than the first driving frequency, and comprising further, 
and 

the re-diagnosing section determines based on a terminal 
voltage of the motor as to whether or not the motor is 
malfunctional during the driving of the motor by the 
on/off controlling, executed by the pressure increasing 
section, of the electric current at the second driving 
frequency. 

5. The vehicle brake hydraulic pressure control apparatus 
according to claim 1, wherein the holding section holds the 
brake hydraulic pressure in a case where a predetermined 
condition is fulfilled including one of (i) in a case to prevent 
a vehicle from moving due to an inclination of a road Surface 
or by a creeping force when the vehicle is stopped and (ii) in 
a case where observing a behavior of the vehicle in control 
ling a posture of the vehicle, the holding section outputs a 
signal instructing to hold brake hydraulic pressures to a valve 
driver. 

6. The vehicle brake hydraulic pressure control apparatus 
according to claim 5, further comprising a pressure reducing 
section that reduces the brake hydraulic pressure when the 
vehicle is started after the brake hydraulic pressure are held 
by the holding section or when wheels of the vehicle are about 
to be locked in anti-locking braking control. 

7. The vehicle brake hydraulic pressure control apparatus 
according to claim 6, wherein the pressure increasing section 
increases the brake hydraulic pressures in a case where brak 
ing force is generated positively to assist a driver to brake 
including one of (i) in a case where some object comes close 
to the vehicle and (ii) in a case where the braking force is 
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Supplemented, or in case where locking of the wheels is 
eliminated in the anti-locking braking control. 

8. The vehicle brake hydraulic pressure control apparatus 
according to claim 7, wherein, if it is detected by a wheel 
speed sensors that the vehicle starts to move during the hold 
ing control executed by the holding section in a state where 
the vehicle is at a halt, the pressure increasing section 
executes hydraulic pressure re-increasing control to re-in 
crease the brake hydraulic pressure by driving the motor. 

9. The vehicle brake hydraulic pressure control apparatus 
according to claim 1, wherein when executing control to 
re-increase the brake hydraulic pressure, the pressure increas 
ing section drives the motor by on/off controlling electric 
current Supplied to the motor at a first driving frequency and 
if the determination section determines that the motor is mal 
functional, the pressure increasing section drives the motor 
by on/off controlling the electric current supplied to the motor 
at a second driving frequency which is lower than the first 
driving frequency. 

10. The vehicle brake hydraulic pressure control apparatus 
according to claim 9, wherein the second driving frequency is 
a frequency which is low enough to acquire a terminal Voltage 
V of the motor during an off period of the on/off control. 

11. The vehicle brake hydraulic pressure control apparatus 
according to claim 10, wherein the pressure increasing sec 
tion outputs to the determination section a signal indicating 
that the motor has been driven to execute control to re-in 
crease the brake hydraulic pressure and outputs to a re-diag 
nosing section a signal indicating that the motor has been 
driven for re-diagnosis. 

12. The vehicle brake hydraulic pressure control apparatus 
according to claim 1, wherein the determination section 
determines as to whether or not the motor is malfunctional, 
based on signals from wheel speed sensors and a signal from 
the pressure increasing section indicating that the motor has 
been driven to execute the control to re-increase the brake 
hydraulic pressure. 

13. The vehicle brake hydraulic pressure control apparatus 
according to claim 12, wherein the determination section 
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determines as to whether or not the motor is malfunctional 
based on the detection results by the wheel speed sensors after 
the brake hydraulic pressures are started to be increased as a 
result of the pressure increasing section executing the control 
to re-increase the brake hydraulic pressure. 

14. The vehicle brake hydraulic pressure control apparatus 
according to claim 13, wherein if pulse signals are kept output 
from the wheel speed sensors during a predetermined period 
of time T1 after driving of the motor, which has been caused 
by a hydraulic pressure re-increasing control, ends, the deter 
mination section determines that the motor is malfunctional. 

15. The vehicle brake hydraulic pressure control apparatus 
according to claim 14, wherein determination result by the 
determination section indicating that the motor is malfunc 
tional is output to the pressure increasing section and a re 
diagnosing section. 

16. The vehicle brake hydraulic pressure control apparatus 
according to claim 15, wherein the re-diagnosing section 
determines based on a terminal Voltage V of the motor as to 
whether or not the motor is malfunctional during driving of 
the motor by the on/off control, executed by the pressure 
increasing section, of electric current Supplied to the motor at 
a second driving frequency which is lower than a first driving 
frequency Supplied to the motor during hydraulic pressure 
re-increasing control. 

17. The vehicle brake hydraulic pressure control apparatus 
according to claim 16, wherein the re-diagnosing section 
acquires the terminal Voltage V of the motor via a motor 
driver and determines that the motoris functioning properly if 
the terminal Voltage V of the motor is larger than a prede 
termined threshold V. 

18. The vehicle brake hydraulic pressure control apparatus 
according to claim 17, wherein the re-diagnosing section 
determines that the motor is malfunctional if the terminal 
Voltage V is equal to or Smaller than the predetermined 
threshold V. 


